Abstract. The geosynchronous GOES 5 and GOES 6 satellites frequently observe transient events marked by magnetic field strength increases and bipolar magnetic field signatures lasting several minutes. In this study we report a survey of 87 events observed simultaneously by both GOES spacecraft (for a total of 174 individual observations) from August to December 1984. Events detected in the prenoon sector outnumbered those in the postnoon sector by about a 3 to 1 ratio. The distribution of the events versus local time exhibited a significant prenoon peak like the distribution of magnetic impulse events observed in high-latitude ground magnetometers. A cross-correlation analysis of the two GOES data sets indicated lags that range from 0 to over 2 min, with the majority of the events moving antisunward. The short lags correspond to azimuthal speeds of hundreds of kilometers per second, greater than flow speeds in the magnetosheath, but less than fast mode waves. The short lags may indicate that the events move primarily latitudinally and/or that transient events are seldom localized, but rather occur over extended, if not global, regions. Investigations of event occurrence versus interplanetary magnetic field (IMF) B z, event motion versus IMF By, and correspondence between upstream plasma data and the events all indicate that pressure pulses are the likely source of many of the events. About 27% of the events with simultaneous solar wind data were preceded by sharp reversals in one or more IMF components, and nearly all of this particular group of events occurred in the dawn sector. This suggests that the pressure pulses may be commonly generated in the foreshock/bow shock region, since the prenoon magnetopause lies generally behind the quasi-parallel bow shock where such pulses are thought to be triggered by IMF discontinuities. Finally, several events in the data set were also observed by the AMPTE/CCE. These are presented as case studies.
Other proposed causes for the events include impulsive penetration of solar wind plasma filaments [Lemaire, 1977] , the Kelvin-Helmholtz instability [Southwood, 1979] , and solar wind/foreshock pressure pulse driven magnetopause motion [Sibeck et al., 1989] . Among all the different models, the sporadic merging and pressure pulse mechanisms have been developed to the point where they make a full range of predictions concerning the characteristics of individual events and their statistical occurrence patterns (see review by Sibeck [1994] ). Because these two models predict differing patterns for event oc- ]. An observation that is common to these studies is that events occur predominantly during periods of southward IMF, a basic tenet of the sporadic merging model. Hence these studies provide com-deep in the magnetosphere. These investigations used either data from the AMPTE/CCE when it was in the magnetosphere far from the magnetopause [Kawano et al., 1992; Sanny et al., 1996] or geosynchronous observations made by the GOES spacecraft [Borodkova et al., 1995] . These studies found that the occurrence of transient events did not depend strongly on IMF orientation. For example, Sanny et al. [1996] reported 28 events that occurred for IMF B z < 0 and 24 events for IMF B z > 0. Furthermore, event axis orientation did not depend on the sign of IMF By in the manner predicted by any merging model [e.g., Gonzalez and Mozer, 1974; Crooker, 1979] . Finally, the motion of the majority of the events agreed with the predictions of the pressure pulse model [Sibeck, 1990] ' that is, the events move sunward just after local noon during periods of spiral IMF (B x ß By < 0) and they move sunward just prior to local noon during periods of orthospiral IMF orientation (Bx ø By > 0). Sanny et al. [1996] reconciled the observations with bursty merging and pressure pulses by concluding that both mechanisms are responsible for generating transient events, with the majority of events produced by bursty merging at the magnetopause and the largest-amplitude events produced by pressure pulses. Satellites in the vicinity of the magnetopause observe all the events, whereas satellites deep within the magnetosphere observe only those events with the largest amplitudes, resulting in a data set with a majority of pressure pulse events.
The point of origin of the pressure pulses themselves has been a topic of much recent interest. Observations indicate that pressure pulses may be inherent in the solar wind [Burlaga and Ogilvie, 1969; Roberts et al., 1987] or they may be generated in the foreshock region [Fairfield et al., 1990] . Simulations by Thomas et al. [1995] and Lin et al. [1996a Lin et al. [ , 1996b all indicate that pulses can be generated in the foreshock region by ions streaming away from the quasi-parallel bow shock, particularly when the IMF changes its direction. These upstream pulses are then carried by the solar wind into the shock where interactions may produce large-amplitude pulses propagating downstream and impinging upon the magnetopause. In this study we have assembled a data set of 87 pairs of simultaneous event observations (which we will call "event pairs") made by the GOES 5 and GOES 6 geosynchronous spacecraft, for a total of 174 individual observations, during the period from August to December 1984. We chose this period for several reasons' first, simultaneous measurements were readily available on-line for the two spacecraft from day 229 (August 16) to day 343 (December 8) of 1984; second, the AMPTE IRM was often in a favorable upstream position for monitoring sola[ wind parameters during that period; and, finally, we had assembled a collection of 57 events observed by the AMPTE/CCE, which was in the outer dayside magnetosphere during that period [Sanny et al., 1996] . We hoped to find some common events and therefore use the CCE as an additional monitor. There were, in fact, observations made by all three spacecraft. These observations will be discussed in a later In the pressure pulse model [Sibeck, 1990] , ripples on the magnetopause surface that radiate outward from the point where pressure pulses first strike the magnetopause produce the observed bipolar signatures and field strength increases. Transient events associated with pressure pulses travel around the magnetosphere with the magnetosheath flow, but also launch fast mode waves into the magnetosphere. Events displaying bipolar signatures normal to the magnetopause traditionally have been interpreted as evidence for bulges on the magnetopause moving either northward or southward, because there is no explanation for the bipolar signatures purely in terms of fast mode waves propagating into the magnetosphere. Geosynchronous events have also been interpreted in terms of events propagating along the magnetopause because case studies of MIEs and geosynchronous events generally find that the two phenomena appear to associate one-to-one [e.g., Glassmeier corresponds to GOES 5 field measurements. The bipolar signature of the event can be seen in the V component, which is in the general direction of the normal to the magnetopause. The lag between observations of an event by the two spacecraft is generally small enough compared to the duration of the event that only a single time of occurrence, which we take to be at the maximum of the magnetic field strength enhancement, needs to be specified. Here, the event occurred at 1716 UT on day 258, 1984.
The transient events used in this study are listed in Table 1 . The events were observed between day 230 and day 342 of 1984. All observation times are in UT, so the local time locations of the geosynchronous spacecraft corresponding to any event may be found using LT = UT-5.0 for GOES 5 and LT = UT -6.5 for GOES 6. Because the events were detected at large distances from the magnetopause, their amplitudes were generally small. The amplitudes of the bipolar signatures of our events ranged approximately from our required threshold of 2 nT to 18 nT, with a median amplitude of 6.5 nT. Event duration, which we define as the time between peak positive and negative deflections in the bipolar signature, ranged approximately from 1 min to 8 min with a median duration of 6 min. Table 1 The preponderance of events in the prenoon sector suggests that many of the events may be produced by pressure pulses generated in the foreshock/bow shock region since the prenoon magnetopause lies generally behind the quasi-parallel bow shock, where such pulses are thought to be produced. There It is impossible to infer with much certainty from Figure 3 that the distribution of MIEs may mirror that of geosynchronous transient events produced by foreshock/bow shock pressure pulses. If the secondary postnoon peak is truly a "quirk" as suggested by Lanzerotti et al. [ 1991] , then the similarities of the distributions are enhanced. In particular, if several more events had been observed during the 1100 to 1200 LT interval in the study by Sibeck and Korotova [1996] , then the presence of the secondary peak would be significantly diminished. Furthermore, a possible explanation for the lack of MIEs near local noon may lie in the fact that ground events are generated by azimuthal gradients in the pressure applied to the magnetosphere [Southwood and Kivelson, 1990] . If many pressure fronts strike the subsolar magnetopause straight on, there will be many instances when transient pressure increases produce no ground events near local noon. However, the suggestion that MIEs may be a result of various simultaneous effects at the magnetopause, both with and without any bias toward the prenoon sector, cannot be discounted. Our distribution only suggests that foreshock/bow shock pressure pulse induced events may represent a significant contribution to the production of MIEs.
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3.2ß Motion of Events
Next, we consider the motion of the events. This is investigated using the 87 event pairs in the data set that were observed by both GOES spacecraft. In general, the signatures seen at each satellite were very similar, but occurred with a slight time difference or lag. During our survey, we did not find any events that exhibited a clear signature at one spacecraft and a complete lack of any signature at the other spacecraft. Furthermore, the sense of the bipolar signature (increase/ decrease or vice versa) for any event was always the same for GOES 5 and GOES 6.
To determine the lag, we selected an interval, typically about 20 min, surrounding the variation in the magnetic field strength associated with an event observed by GOES 5. By comparing this interval to intervals of equal length in the Two primary results arise from our analysis of the time lags between event observations by GOES 5 and GOES 6. First, the majority of events exhibit lags corresponding to azimuthal speeds much greater than the magnetosheath flow velocity. Second, the lags increase (or the azimuthal speed decreases) for events with greater displacements from local noon. One explanation for the short lags is that for some events, the motion is not simply azimuthally dawnward or duskward, but has a significant northward/southward component. Since the GOES spacecraft are equatorial satellites, this component is likely to produce rather short lags. This point will be investigated further in the next section. A second explanation is that rather than first touching a single point on the magnetopause and then spreading out, discontinuities may nearly simultaneously strike the magnetopause over a range of local times, generally about local noon. The effective speed at which they move along the magnetopause may then be much higher than any observed magnetosheath velocity. Under such circumstances the most accurate estimates of the azimuthal speed will be made by spacecraft at locations that are far from local noon. This is consistent with our results that the longest lags are observed consistently when the GOES spacecraft are in the early prenoon sector. The final alternative is that the events are produced by fast mode waves propagating through the magnetosphere. While this would explain the short lags, it would not account for the bipolar signatures or previously established relationship with slower moving MIEs.
Solar Wind Observations
Data on the orientation of the IMF were available for 63 of the 87 events (see Table 1 The connection between magnetic fluctuations seen by the GOES spacecraft and plasma data from the IRM during this period (and for many events in our data set) has already been established by Fairfield et al. [1990] . They reported many instances when brief enhancements in the kinetic pressure in the upstream solar wind corresponded to compressions of the magnetic field in the subsolar equatorial magnetosphere. Furthermore, the upstream field strength and the density associated with the perturbations were highly correlated, which is directly opposite to the expectation that they would be anticorrelated in the undisturbed solar wind. The authors concluded that the pressure enhancements were not inherent in the solar wind, but were the result of solar wind/foreshock/bow shock interactions.
Consequently, we inspected solar wind observations for evidence of IMF and plasma discontinuities shortly prior to our events. Of the 63 events accompanied by solar wind data, 17 were preceded by sharp reversals in one or more components in the IMF, considered to be a catalyst in the formation of hot flow anomalies and strong foreshock pressure pulses [Thomsen et al., 1988] . Fourteen events were seen when both GOES spacecraft were in the dawn sector. The remaining three occurred when the two spacecraft straddled local noon. We checked the IMF orientation at the times of our 14 prenoon events. For four of five cases with steady IMF, the foreshock In eight of 10 cases with By reversals, the foreshock moved from postnoon to prenoon. In the other two cases with By reversals, the foreshock moved from prenoon to postnoon. The remaining two cases consisted of one with sign reversals in both By and B z and one with sign reversals in both Bx and Bz. For both of these, the foreshock went from prenoon to pøstnoon. Thus in no instance did we observe a prenoon event with the foreshock remaining solely postnoon before and after the event, which is consistent with the pressure pulse model.
Simultaneous CCE Observations
During late 1984 when the GOES events used in this study were observed, the AMPTE/CCE spacecraft was also in the dayside magnetosphere. In a previous work [Sanny et al., 1996] , we identified 57 events observed by the CCE when it was near its apogee of 8.8 Roe. Of the 57 CCE events, 23 were observed when the GOES spacecraft were in the dayside sector used in this study (at least one of the two spacecraft between 0900 and 1500 LT). In this group of 23, eight had clear signatures that were also seen by GOES 5 and GOES 6. The other 15 CCE events did not exhibit signatures at GOES that were distinguishable from the ambient noise. We determined the lags between the CCE observations and those made by the GOES spacecraft using the cross-correlation analysis discussed earlier.
Although the CCE was closer to the magnetopause than the two GOES spacecraft, it was not always the first to observe an event. Rather, the order in which a disturbance was seen appears to be governed by the longitudinal positions of the spacecraft. In all eight cases the spacecraft closest to the noon meridian is the first to observe the event. This happened to be the 
Conclusion
In this study we have examined the distribution and motion of transient events whose magnetic signatures were observed at geosynchronous orbit by the GOES 5 and GOES 6 pair. Observations made in the prenoon sector outnumbered those in the postnoon sector by about a 3 to 1 ratio. Although the distribution had a range that was nearly symmetric about local noon, it peaked at about 1000 LT. Such a distribution suggests that a number of events in our data set were produced by pressure pulses generated in the foreshock/bow shock region. The prenoon magnetopause lies generally behind the quasi-parallel bow shock, where these pulses are thought to be produced. FTEs or transient events associated with pressure pulses inherent in the solar wind should not exhibit any bias toward the prenoon sector.
We compared the distribution of our geosynchronous events with the distribution of MIEs seen by high-latitude ground magnetometers. The two patterns were similar in that both were characterized by predominant prenoon peaks. Secondary postnoon peaks are seen in some MIE distributions. The role (or existence) of the secondary peak is unclear. Its physical significance may be questionable, for its appearance would be greatly diminished if only several more ground events were detected between 1100 LT and 1200 LT [Sibeck and Korotova, 1996] . Alternately, the absence of MIEs near local noon may be a result of the fact that ground events are generated by azimuthal gradients in the pressure applied to the magnetosphere [Southwood and Kivelson, 1990] . A pressure front that strikes the subsolar magnetopause straight on will not produce a ground event near local noon. Of course, the secondary peak may be the result of an actual effect at the magnetopause, and MIEs may be produced by various simultaneous processes at the magnetopause, both with and without any bias toward the prenoon sector. Our result only shows that foreshock/bow shock pressure pulse induced events may represent a significant contribution to the production of MIEs.
A cross-correlation analysis on the data from the two spacecraft yielded values for the lags between their observations of the events. We interpreted these lags as an indication of the propagation of the events, which we assumed to be azimuthal. The motion of the geosynchronous events, as determined by the order in which they were observed by the GOES pair, was predominantly antisunward (nearly 90%) away from noon. In the vicinity of local noon, the number of sunward and antisunward events was about equal. This result can be explained by either the pressure pulse model or the magnetic merging model, both of which predict primarily antisunward motion away from noon and a higher probability of sunward motion near noon.
The values of the lags ranged from 0 to about 130 s. For many events the azimuthal velocity as determined from the lag exceeded the magnetosheath flow velocity significantly. Also, the lags had a tendency to increase away from local noon. The events with the longest lags, that is, those events whose azimuthal velocities were comparable with the magnetosheath flow velocity, were clustered in the prenoon sector well away from local noon. While the short lags may be related to the northward/southward component of the motion of the events, the results shown in Figure 8 favor longitudinal position as the primary factor in determining the order an event is observed. Another explanation, from the pressure pulse model, is that discontinuities may not generally impinge on the magnetopause over a very localized region. When interplanetary magnetic field lines and discontinuities encounter the bow shock, they slow down with the shocked solar wind flow in the magnetosheath. As a result, the field lines and discontinuities bow to drape around the magnetosphere and may nearly simultaneously strike the magnetopause over a range of local times and latitudes. The effective speed at which they move along the magnetopause may then be much higher than any observed magnetosheath velocity. Finally, if magnetic merging is the primary source for our events, it must be sudden and occur over a wide range of local times in order to explain the short lags. Our results on event distribution and motion did not provide compelling evidence for either the merging model or the pressure pulse model. Either model could have been used to explain the findings, except perhaps for the dominance of prenoon events. This bias suggested that solar wind/foreshock/ bow shock interactions may have been the primary source of the events. In attempting to better distinguish between the two models, we considered simultaneous solar wind observations, which were available for 63 of our 87 events. We began by investigating the dependence of event occurrence versus the sign of IMF B z. FTEs occur predominantly during periods of southward IMF, when magnetic merging is favored; however, pressure pulse events have no dependence on IMF Bz. We found that the number of events that occurred for positive Bz and negative IMF B•, were nearly the same (22 and 24, respectively). Hence event occurrence did not depend on the sign of Bz. Next, we considered the sunward moving events. The merging theory predicts that for positive IMF By, sunward and northward motion should occur after local noon, while sunward and southward motion should occur prior to local noon. This is reversed during periods of negative IMF By, when sunward and southward motion should occur after local noon, and sunward and northward motion should occur prior to local noon. We found that less than 50% of the sunward events moved according to these predictions of the merging model. We therefore concluded it was unlikely that reconnection at the magnetopause was a factor in determining sunward motion. According to the pressure pulse model, sunward events occur shortly after local noon during periods of spiral IMF orientation and prior to local noon during periods of orthospiral IMF. Here we found the sunward motion to be generally consistent with these predictions. However, since there were only 10 candidate events for this test, the results are not statistically significant. Nonetheless, like the results for IMF By and B z, they indicate that the primary source of the observed geosynchronous events may be pressure pulses.
If pressure pulses were indeed the source for our events, it would be interesting to consider their point of origin: Were they inherent in the solar wind, or were they a result of interactions between the solar wind and the foreshock/bow shock?
The dominance of prenoon events in this study suggests that it may be the latter case since the prenoon magnetopause lies generally behind the quasi-parallel bow shock, where such pulses are thought to be produced. In addition, about 90% of the events that were preceded by sharp reversals in one or more components in the IMF were detected prior to local noon. Such reversals are considered to be a catalyst in the formation of foreshock pressure pulses. The relationship between events seen by the GOES spacecraft and plasma data from the IRM during this period had already been established by Fairfield et al. [1990] , who determined that in general, the upstream field strength and the density associated with the perturbations were highly correlated, indicating that the fluctuations originate in the foreshock. These various results all suggest that the pressure pulses that produced our geosynchronous events were not inherent in the solar wind, but a result of interactions between the solar wind and the foreshock/bow shock. Finally, we examined eight cases in which an event was simultaneously observed by the AMPTE/CCE and the two GOES spacecraft. In all eight cases the event was first seen by the spacecraft that was closest to local noon. This indicates that the order in which an event is observed is most strongly dependent on longitudinal position with respect to local noon rather than distance from the magnetopause or latitude.
